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(57) ABSTRACT

A system is provided for delivery of diesel exhaust fluid or
other reductant to an injector for release into an engine
exhaust aftertreatment system. The injector includes a nozzle
assembly that thermally shields the diesel exhaust fluid from
the exhaust gas temperatures. A diesel exhaust fluid delivery
procedure is also disclosed for nozzle cooling prior to opera-
tion of the injector for emissions reduction.
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1
SYSTEMS AND TECHNIQUES FOR NOZZLE
COOLING OF DIESEL EXHAUST FLUID
INJECTION SYSTEMS

BACKGROUND

Selective catalytic reduction (“SCR”) exhaust aftertreat-
ment systems are an important technology for reducing NOx
emissions from internal combustion engines such as diesel
engines. SCR systems generally include a source of storage
for the diesel exhaust fluid (DEF), a doser that includes at
least one of a pump unit for pressurizing the DEF and a
metering unit for providing a controlled amount or rate of
DEF, and an injector which provides urea solution to a DEF
decomposition region of an exhaust flow path located
upstream from an SCR catalyst. Many SCR systems also
utilize pressurized gas to assist the flow of DEF to the injector.
While providing important reductions in NOx emissions,
SCR systems suffer from a number of shortcomings and
problems.

For example, the nozzle for injecting DEF into the exhaust
system is typically mounted to or within the exhaust system.
At high exhaust temperatures, the nozzle is also heated. The
heated nozzle can vaporize the water in the DEF at the start of
the injection cycle until the nozzle is sufficiently cooled by the
DEF flow. This vaporization results in a large pressure wave
that expands upstream from the nozzle through the doser
system, increasing the potential for damage and repairs. Thus,
there is a need for advancements mitigating these and other
shortcomings associated with injection systems for delivery
of DEF through a nozzle connected to an exhaust system.

SUMMARY

Certain exemplary embodiments include systems and tech-
niques for thermal management of a nozzle that delivers
diesel exhaust fluid for operation of an SCR catalyst. In one
aspect, the system includes a nozzle assembly with thermal
shielding to reduce heat transfer from the exhaust system to
the nozzle. In another aspect, the nozzle assembly includes a
heat dissipation device extending from the exhaust to reject
heat transferred from the exhaust to the nozzle assembly to
the surrounding atmosphere. In another aspect, a method
includes pulsed DEF delivery through the nozzle to provide
nozzle cooling prior to initiation of a normal DEF injection
event for treatment of emissions. Combinations of the ther-
mally shielded nozzle, heat dissipation devices, and pulsed
DEF delivery are also contemplated.

Further aspects, embodiments, forms, features, benefits,
objects, and advantages shall become apparent from the
detailed description and figures provided herewith.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of an exemplary DEF delivery
system.

FIG. 2 is an elevation view of an injector with thermal
shielding comprising a part of the DEF delivery system of
FIG. 1.

FIG. 3 is a cross-sectional view of the injector of FIG. 2
position in an exhaust conduit.

FIG. 4, is an elevation view of another embodiment injector
with an extended end cap.

FIG. 5 is a partial cross-sectional view of the injector of
FIG. 4 positioned in an exhaust conduit.
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FIG. 6 is a diagrammatic view of an exemplary controller
of'the DEF delivery system of FIG. 1 configured to execute a
nozzle cooling procedure.

FIG. 7 is a flow diagram of an exemplary DEF nozzle
cooling procedure.

FIGS. 8A-8D are diagrams showing exemplary operations
of'the DEF nozzle cooling procedure over a time period.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

For the purposes of promoting an understanding of the
principles of the invention, reference will now be made to the
embodiments illustrated in the drawings and specific lan-
guage will be used to describe the same. It will nevertheless
be understood that no limitation of the scope of the invention
is thereby intended, any alterations and further modifications
in the illustrated embodiments, and any further applications
of the principles of the invention as illustrated therein as
would normally occur to one skilled in the art to which the
invention relates are contemplated herein.

With reference to FIG. 1 there is illustrated an exemplary
system 100 that includes a delivery system 110 for delivery of
any suitable reductant, also referred to as DEF, to an exhaust
system 104 connected to an engine 102. System 100 may be
provided on a vehicle powered by engine 102, or on an engine
102 utilized in other applications such power generation or
pumping systems. Engine 102 can be a diesel engine or any
suitable internal combustion engine for which exhaust treat-
ment with a reductant is provided. Engine 102 includes an
intake system 112 through which charge air enters and an
exhaust system 104 through which exhaust gas resulting from
combustion exits, it being understood that not all details of
these systems that are typically present are shown. Engine
102 includes a number of cylinders (not shown) forming
combustion chambers into which fuel is injected by fuel
injectors (not shown) to combust with the charge air that has
entered through intake system 112. The energy released by
combustion powers the engine 102 via pistons connected to a
crankshaft (not shown). When used to propel a vehicle,
engine 102 is coupled through a drivetrain (not shown) to
drive wheels that propel the vehicle. Intake valves (not
shown) control the admission of charge air into the cylinders,
and exhaust valves (not shown) control the outflow of exhaust
gas through exhaust system 104 and ultimately to atmo-
sphere. Before entering the atmosphere, the exhaust gas is
treated by one or more aftertreatment devices in an aftertreat-
ment system 108.

In one example, the exhaust system 104 includes an after-
treatment system 108 having one or more SCR catalysts 106
and one or more locations for receiving DEF from DEF
delivery system 110. The aftertreatment system 108 may
include one or more other aftertreatment components not
shown, such as one or more oxidation catalysts, one or more
particulate filters, an ammonia oxidation catalyst, and various
temperature, pressure and exhaust gas constituent sensors.
Exhaust system 104 may also include various components
not shown, such an EGR system, a turbocharger system,
coolers, and other components connecting exhaust system
104 to intake system 112. A DEF injector 118 is mounted on
aportion of exhaust system 104 upstream of SCR catalyst 106
with its outlet, or nozzle, arranged to spray aqueous DEF into
the exhaust system where it mixes with engine exhaust gas
produced by engine 102. SCR catalyst 106 promotes a chemi-
cal reaction between the reductant and NOX in the exhaust gas
that converts substantial amounts of NOx to reduce NOx
emissions before the exhaust gas passes into the atmosphere.
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The DEF delivery system 110 further includes a doser 114
that receives DEF from a storage tank 116 and provides the
DEF to injector 118 for injection or delivery to a decompo-
sition chamber or directly into the exhaust system 104. As
used herein, injector includes any nozzle, static device, elec-
tronically controllable device, and/or mechanical actuator
that provide an outlet for DEF delivery. One example of a
suitable diesel exhaust fluid comprises a solution of 32.5%
high purity urea and 67.5% deionized water. It shall be appre-
ciated, however, that other DEF solutions and reductants may
also be utilized.

Doser 114 may include various structures to facilitate
receipt of DEF from storage tank 116 and the delivery of the
DEF to the exhaust system 104. For example, doser 114 may
include a pump and a filter screen and a check valve upstream
of'the pump to receive DEF from the storage tank 116. In one
form the pump is a diaphragm pump, though it shall be
appreciated that other types of pumps may be utilized. The
pump outputs pressurized DEF at a predetermined pressure
which flows through a second check valve, a pulsation damp-
ener, and a second filter to provide pressurized reductant to a
metering valve. Doser 114 may further include a bypass line
around the pump having a bypass valve which is operable to
open and close to permit or prevent the flow of DEF through
the bypass line to a location upstream of the first filter screen
where it may be returned to the storage tank 116, for example,
during a purging operation. Doser 114 may further include a
blending chamber that receives DEF from the metering valve
at a controllable rate. The blending chamber also receives a
flow of pressurized air from an air supply and discharges a
combined flow of pressurized air and DEF at an outlet 128 of
doser 114. The air supply may be integral to a vehicle, integral
to an engine, or may be an air supply dedicated to system 100.
It shall be understood that additional embodiments may uti-
lize pressurized gases other than air, for example, combina-
tions of one or more inert gases.

Storage tank 116 holds a supply of DEF and is vented to
allow reductant to be withdrawn at a port 120. A conduit 122
extends from port 120 to an inlet port 124 of doser 114. A
conduit 126 extends from outlet port 128 of doser 114 to
injector 118. When doser 114 operates, it draws reductant
from storage tank 116 through conduit 122, and pumps the
reductant through conduit 126 to injector 118. A backflow
conduit (not shown) may be provided to return excess reduc-
tant to storage tank 116.

Further details of one embodiment of injector 118 are
shown in FIGS. 2 and 3. Injector 118 includes an elongated
jacket 130 defining an interior space 132. Jacket 130 includes
a side wall 134 surrounding interior space 132 that extends
from a first end 136 to an opposite second end 138. Conduit
126 includes a first portion 1264 that enters jacket 130 at first
end 136 and extends substantially along the center of jacket
130 to a bend 127. Bend 127 is adjacent to and spaced longi-
tudinally from second end 138 of jacket 130. Conduit 126
includes a second portion 1265 extending from bend 127 that
is oriented substantially orthogonally to first portion 126a.
Second portion 1265 of conduit 126 extends to a nozzle 140
secured in side wall 134. Nozzle 140 is connected to and in
fluid communication with flow passage 105a defined by
exhaust conduit 105 of exhaust system 104.

In the illustrated embodiment, nozzle 140 includes a body
142 with an inner portion 142¢ defining a cylindrically shaped
interior receptacle 144 opening in hollow interior 132 to
receive an end of second portion 1265 of conduit 126. Nozzle
140 also defines first and second flow paths 1464, 1465 that
are obliquely oriented to flow passage 1054 and to second
portion 1265 of conduit 126. Flow paths 1464, 1465 are in
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fluid communication with interior 126¢ of conduit 126 to
provide a spray of DEF into flow passage 105a of exhaust
conduit 105. It should be understood that more than two flow
paths are contemplated and other arrangements of flow paths
are contemplated to provide various spray patterns for the
DEF into exhaust conduit 105. In the illustrated embodiment,
flow paths 1464, 1465 open through an outer projection por-
tion 1424a of body 142 that defines a lip 1425 around inner
portion 142¢ of body 142. Inner portion 142¢ extends from
interior space 132 and projects outwardly from side wall 134
to engage in an outer pilot opening of exhaust conduit 105.

Injector 118 includes a cap 160 mounted to first end 136 of
jacket 130. Cap 160 includes a body 162 with a flange 162a
that defines an interior receptacle 164 for receiving and con-
necting to side wall 134 of jacket 130. The connection of cap
160 can be formed by threads, welding, interference fit, and/
or other suitable connections. Body 162 also includes a boss
1624 extending opposite flange 162a and outwardly from first
end 136 that defines a through-hole for receiving conduit 126
therethrough. Cap 160 is connected to jacket 130 and
mounted to exhaust conduit 105 at a location that positions
the connection of cap 160 with conduit 160 outside of the
exhaust gas stream 105¢ carried by exhaust conduit 105, such
as shown in FIG. 3. It should be understood that jacket 130
and/or cap 160 can be mounted to conduit 105 with any
suitable mounting arrangement, such as discussed further
below with respect to FIGS. 4 and 5.

Hollow interior 132 of jacket 130 defines an air gap that
extends completely around conduit portions 1264, 1265 that
serves as a thermal barrier to reduce heat transfer from
exhaust system 104 to conduit 126. The thermal barrier
reduces the skin temperature of conduit 126 and nozzle 140,
which reduces the temperature of the internal surface of con-
duit 126 and nozzle 140 and the heat transfer to the DEF and
air mixture in conduit 126. The only direct contact of conduit
130 with jacket 130 and cap 160 is outside of the flow of
exhaust gas, allowing heat to be rejected from cap 160 to the
surrounding atmosphere before transfer to conduit 126. The
length of the air gap along conduit 126 and the volume of the
air gap formed by hollow interior 132 prevents or reduces
phase transformation of DEF in conduit 126 and nozzle 140.
Phase transformation of DEF occurs under low dosing or no
dosing conditions where the temperature of the DEF is raised
above a threshold temperature by the presence of high
exhaust gas temperatures ranging from 200 to 650 or more
degrees Celsius. The phase transformation of DEF produces
compounds in injector 118 that potentially block flow paths
146a, 1465 of nozzle 140. The prevention of formation of
these compounds eliminates the need for an external cooling
circuit to cool nozzle 140 and improves operating life of
injector 118.

Further details of another embodiment of injector 318 are
shown in FIGS. 4 and 5. Injector 318 includes elements that
are or can be the same as those as injector 118 as discussed
above, and such like elements are designated with the same
reference numeral for convenience. Injector 318 also includes
an end cap 360 that is connected to jacket 130 and DEF
conduit 126. End cap 360 includes a flange 3624 at one end
thereof that is mounted to first end 136 ofjacket 130. End cap
360 also includes a boss 3626 at an opposite end thereof
through which DEF conduit 126 extends. In one embodiment,
boss 36256 provides the only connection of injector 318 to
DEF conduit 126, with nozzle 140 connecting DEF conduit
126 to jacket 130. Flange 362a and boss 3625 are similar to
flange 162a and boss 1625 of end cap 160. However, in
contrast to end cap 160, end cap 360 includes an extension
member 362¢ extending between flange 362a and boss 3625.
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Extension member 362¢ defines a length L between flange
362a and boss 362¢. Length L is sized so that when injector
318 is mounted to exhaust conduit 105 as shown in FIG. 5,
boss 36254 is located outside of and spaced radially outwardly
from conduit 105. This places the connection of DEF conduit
126 with injector 318 outside of the exhaust flow 1055 of
exhaust conduit 105, reducing the heat transfer from the
exhaust to DEF in conduit 126. Furthermore, the air gap
defined by jacket 130 is extended radially outwardly from
conduit 105 by air gap 363 of extension member 362¢ of end
cap 360, providing additional insulation around conduit 126
and a path for rejection of heat into atmosphere before trans-
fer to DEF conduit 126 at boss 362b. Conduit 126 may
include one or more fittings 126a connected thereto outside of
end cap 360 for connection to DEF tubing from the doser.

As shown in FIG. 5, injector 318 is mounted to exhaust
conduit 105 so that nozzle 140 is positioned in about the
center of exhaust conduit 105 and oriented in the direction of
exhaust flow 10554. Exhaust conduit 105 includes a mounting
member 370 that is secured to exhaust conduit 105 and
includes an internal passage and support structure to support
end cap 360 with jacket 130 extending therefrom into passage
105a of exhaust conduit 105. A securing member 380 is
secured around mounting member 370 to maintain injector
318 in engagement with mounting member 317. Heat from
exhaust gas in exhaust conduit 105 passes through collar
portion 384 between mounting member 370 and extension
member 362a and also through openings 382 of securing
member 380. In one embodiment, collar portion includes a
seal to prevent exhaust gas from escaping between mounting
member 370 and end cap 360.

Referring back to FIG. 1, the flow of DEF to injector 118
for injection into exhaust system 104 may be controlled and
monitored by controller 150 such as an engine control module
(ECM) or a doser control module (DCM). It shall be appre-
ciated that the controller or control module may be provided
in a variety of forms and configurations including one or more
computing devices forming a whole or part of a processing
subsystem having non-transitory memory storing computer
executable instructions, processing, and communication
hardware. It shall be further appreciated that controller may
be a single device or a distributed device, and the functions of
the controller may be performed by hardware or software.
The controller 150 is in communication with any devices,
sensors, and/or actuators as required to perform the functions
present in a given embodiment.

Controller 150 is operatively coupled with and configured
to store instructions in a memory which are readable and
executable by controller 150 and communicated to doser 114
to provide DEF from storage tank 116 to injector 118. Con-
troller 150 is also operatively coupled and may receive a
signal from a temperature sensor 152 associated with exhaust
system 104 at or near injector 118. Temperature sensor 152 is
operable to provide a signal indicating the temperature of at
least one of exhaust system 104 and injector 118. Tempera-
ture sensor 152 need not be in direct communication with
exhaust system 104 and/or injector 118, and can be located at
any position within reductant delivery system 110 that pro-
vides a suitable indication of exhaust temperature and/or
injector temperature.

One embodiment of controller 150 is shown in FIG. 6. In
certain embodiments, the controller 150 includes one or more
modules structured to functionally execute the operations of
the controller 150. In certain embodiments, the controller 150
includes a nozzle cooling module 170 and a doser command
module 180. The description herein including modules
emphasizes the structural independence of the aspects of the
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controller 150, and illustrates one grouping of operations and
responsibilities of the controller 150. Other groupings that
execute similar overall operations are understood within the
scope of the present application. Modules may be imple-
mented in hardware and/or software on computer readable
medium, and modules may be distributed across various
hardware or software components. More specific descrip-
tions of certain embodiments of controller operations are
included in the section referencing FIG. 6.

Certain operations described herein include operations to
interpret one or more parameters. Interpreting, as utilized
herein, includes receiving values by any method known in the
art, including at least receiving values from a datalink or
network communication, receiving an electronic signal (e.g. a
voltage, frequency, current, or PWM signal) indicative of the
value, receiving a software parameter indicative of the value,
reading the value from a memory location on a computer
readable medium, receiving the value as a run-time parameter
by any means known in the art, and/or by receiving a value by
which the interpreted parameter can be calculated, and/or by
referencing a default value that is interpreted to be the param-
eter value.

Controller 150, as discussed further below, is configured to
determine and communicate one or more nozzle cooling dos-
ing commands 186 to produce a pulsed, finite flow of DEF
through injector 118 to reduce the temperature of nozzle 140
to an acceptable level, such as below nozzle threshold tem-
perature 174, before execution of an emissions reduction
dosing command 188 through injector 118 for treatment of
emissions in the exhaust gas flow. The pulsed, finite flow of
DEF provides sufficient cooling of nozzle 140 to minimize
the impact of DEF phase transformation during a subsequent
emissions reduction dosing event. The nozzle cooling proce-
dure can be used with injector 118 disclosed in FIGS. 2-3, or
with any other suitable DEF injector.

Nozzle threshold temperature 174 is, in one embodiment, a
predetermined maximum temperature of the nozzle 140
above which phase transformation of DEF occurs that pro-
duces compounds that cause or increase the likelihood of
nozzle blockage, preventing the delivery of the appropriate
amount of DEF to exhaust system 104 for aftertreatment
emissions reduction. The delivery of air through nozzle 140
provides a minimal cooling eftect for nozzle 140 due to the
forced convection by the air. Supplying DEF through nozzle
140 does provide a cooling effect that reduces the temperature
ofnozzle 140. However, when DEF is provided in response to
a command to doser 114 that supplies DEF in a quantity and
duration for effective operation of aftertreatment system 108
to treat exhaust emissions, the phase transformation of the
leading DEF volume upon contact with a hot nozzle 140
creates an expanding wave front that pushes the DEF and air
mixture upstream through conduit 126 to doser 114.

Nozzle cooling module 170 is configured to receive a
nozzle temperature input 172 and compare the same with
nozzle temperature threshold 174. As a result of the compari-
son, nozzle cooling module outputs a nozzle cooling deter-
mination 176. If nozzle cooling is not required, doser com-
mand module 186 is configured to receive operating inputs
182 from operation of engine 102, exhaust system 104 and
aftertreatment system 108 and to determine an emissions
reduction dosing command 188 in response thereto that sat-
isfies aftertreatment system and emissions parameters 184.

If nozzle cooling determination 176 determines that cool-
ing of nozzle 140 is required, then dosing command module
180 is configured to determine a nozzle cooling dosing com-
mand 186 that is executed prior to emissions reduction dosing
command 188. Nozzle cooling dosing command 186 pro-
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vides one or more pulsed doses of a predetermined amount of
DEF through nozzle 140 to cool nozzle 140 while minimizing
the pressure wave formation in conduit 126. Once nozzle 140
has obtained a nozzle temperature 172 that is less than nozzle
temperature threshold 174, dosing command module
resumes 180 operation by determining an emissions reduc-
tion dosing command 188 from operating inputs 182 that
satisfies aftertreatment system and emissions reduction
parameters 184.

With reference to FIG. 7 there is illustrated a flow diagram
of'an exemplary nozzle cooling procedure 200 for DEF deliv-
ery system 110 that is put in operation by programming into
controller 150 for use in, for example, system 100. Procedure
200 begins at operation 202 in which a control routine for
cooling of nozzle 140 of DEF delivery system 110 is started.
Operation 202 can begin by interpreting a key-on event and/or
by interpretation of an exhaust temperature input that is above
a predetermined threshold temperature. Operation 202 may
alternatively or additionally include interpreting a communi-
cation or other parameter indicating that operations of the
DEF delivery system 110 is going to resume after a shutdown,
orafter a period of inactivity of a specified length that may not
include a complete shutdown. If an engine system key-on
event or other initiation condition is interpreted to be true,
procedure 200 proceeds to operation 204. If an engine system
key-on event is interpreted to be false, operation 202 repeats.

Operation 204 determines or interprets the nozzle tempera-
ture input 172. At conditional 206, procedure 200 determines
if nozzle cooling is needed based on a comparison of the
nozzle temperature input 172 and nozzle temperature thresh-
0ld 174. For example, if nozzle temperature input 172 is more
than a nozzle temperature threshold 174, nozzle cooling can
be demanded and a nozzle cooling cycle of operation of doser
114 is initiated at operation 208. Operation 208 provides a
finite amount of DEF from doser 114 in one or more pulses to
satisfy nozzle cooling dosing command 186 and uses the DEF
as a heat sink to absorb heat energy from nozzle 140 until the
temperature of nozzle 104 is less than the nozzle temperature
threshold 174, as determined at conditional 210. Nozzle cool-
ing dosing command 186 can include one, or if more than one,
multiple sequential dosing events over a predetermined
length of time that limits the DEF volume through nozzle 140
to a finite amount that results in vaporization or other phase
transformation of substantially all of the DEF, thus limiting
the system pressure increase due to phase transformation of
the DEF induced by the hot nozzle 140. While vaporization of
the DEF pulses still occurs, the severity of the pressure
increase and the propagation of the pressure wave upstream
through conduit 126 to doser 114 is reduced while cooling the
nozzle 140 with each pulsing event. Continued reduction of
nozzle temperature can be accomplished by multiple doses of
DEF through nozzle 140.

Once conditional 210 is affirmative, or if conditional 206
was determined to be negative, procedure 200 continues at
operation 212 to provide an emissions reduction cycle of
operation of doser 114. The emissions reduction cycle of
operation provides DEF to exhaust system 104 in an amount
that satisfies emissions reduction dosing command 188.
Emissions reduction command provides DEF dosing in an
amount demanded for operation of aftertreatment system 108
for continued emissions reduction and other operational
requirements of aftertreatment system 108. Procedure 200
can terminate at end 214 once the emissions reduction dosing
command 188 is satisfied or upon a key-off event.

FIGS. 8A-8D illustrate graphical examples of doser 114
operation according to procedure 200. The operation of doser
114 is depicted over a time period in seconds along the hori-
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zontal axis and a dosing rate that is in milliliters per second
along the vertical axis of each of FIG. 8A-8D. The examples
are provided for illustration purposes only, and are not
intended to be limiting. In FIG. 8A, procedure 200 includes
operation of doser 114 in a nozzle cooling cycle 300 that
provides a single dose of, for example, 2 ml/s for a duration of
2 seconds. It should be understood that a range of dosing rates
and durations are contemplated. After a delay period 302 of
about, for example, 4 seconds, doser 114 operates in an emis-
sions reduction cycle 304 to provide a dosing rate over a time
period that satisfies emissions reduction dosing command
188. It should be understood, however, that a range of delay
periods are contemplated. During delay period 302, DEF
dosing from storage tank 116 is stopped. However, air may
still be provided from doser 114 through nozzle 140 to con-
tinue to push residual DEF in conduit 126 to nozzle 140 for
additional cooling benefit.

InFIG. 8B doser 114 operates in a nozzle cooling cycle 300
that includes two pulses of 2 ml/s for a duration of about 1
second each and with about 2 seconds between pulses. After
a delay period 302 of about 2 seconds, doser 114 operates in
an emissions reduction cycle 304 to provide a dosing rate over
a time period that satisfies emissions reduction dosing com-
mand 188.

In FIG. 8C, doser 114 operates in a nozzle cooling cycle
300 that provides a single dose of 2 ml/s for a duration of
about 1 second. After a delay period 302 of about 3 seconds,
doser 114 operates in emissions reduction cycle 304. In FIG.
8D doser 114 operates in a nozzle cooling cycle 300 that
includes two pulses of 2 ml/s for a duration of about 1 second
each with about 3 seconds between pulses. After a delay
period 302 of about 3 seconds, doser 114 operates in an
emissions reduction cycle 304 to provide a dosing rate over a
time period that satisfies emissions reduction dosing com-
mand 188. Other embodiments contemplate more than two
pulses and other durations and rates for the pulses, and other
duration between pulses and/or for delay period 302. Again,
as discussed above, it should be understood that a range of
dosing periods, dosing rates, and dosing pulses, and delay
periods are contemplated.

Certain exemplary embodiments will now be further
described. Certain exemplary embodiments comprise sys-
tems for providing cooling of or reducing the heating of a
nozzle of a diesel exhaust fluid delivery system that is con-
nected to an exhaust aftertreatment system. The system
includes an internal combustion engine having an exhaust
system for receiving an exhaust gas produced from operation
of the internal combustion engine. The diesel exhaust fluid
delivery system includes a storage tank for storing diesel
exhaust fluid for treatment of the exhaust gas produced by
operation of the internal combustion engine. The delivery
system further includes a doser operable to pump the diesel
exhaust fluid from the storage tank through a conduit extend-
ing from the doser to an injector in fluid communication with
the exhaust system. The injector includes a nozzle connected
to and in fluid communication with the conduit and the
exhaust system, and an elongated jacket including a side wall
defining a hollow interior extending between a first end and
an opposite second end of the jacket. At least a portion of the
conduit extends through the first end of the jacket to the
nozzle mounted to the side wall of the jacket. The hollow
interior forms an air insulation gap around the nozzle and the
conduit.

In one embodiment, the conduit includes a first portion
extending through the first end of the jacket, a second portion
extending from the nozzle into the hollow interior, and a bend
extending between and connecting the first portion and the
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second portion to one another in a substantially orthogonal
relationship. In another embodiment, the first end of the
jacket includes an end cap having a flange portion connected
to the side wall and a boss portion extending opposite from
the flange portion that defines a through-hole for receiving the
conduit therethrough. In yet another embodiment, the nozzle
includes a body with an inner portion extending into the
jacket that defines a cylindrically shaped interior receptacle
configured to receive an end of the conduit therein and at least
two flow paths through the body that are in fluid communi-
cation with an interior of the conduit. In a refinement of this
embodiment, the body of the nozzle includes an outer portion
that extends from and defines a lip around the inner portion,
and the inner portion extends through and projects outwardly
from the side wall of the jacket.

In another embodiment, the injector includes an end cap at
the first end of the jacket. The end cap includes an extension
member extending from the jacket that defines an extension
of the air gap, and the only direct connection of the conduit
with the injector is at an end of the extension member that is
opposite the first end of the jacket. In one refinement, the end
cap includes a flange portion connected to the side wall of the
jacket and the extension member extends from flange portion
to the end of the extension member. The end cap further
includes a boss portion extending outwardly from the end of
the extension member that defines a through-hole for receiv-
ing the conduit therethrough. In another refinement, the injec-
tor is mounted to an exhaust conduit of the exhaust system so
that the extension member extends radially outwardly from
the exhaust conduit to the end of the extension member.

The injector can be mounted to the exhaust conduit with a
mounting member connected to the exhaust conduit that sup-
ports the end cap on the exhaust conduit with the jacket
projecting from the end cap into the exhaust conduit. A secur-
ing member is provided for securing the injector to the mount-
ing member. The extension member of the end cap extends
through the mounting member and through the securing
member to the end of the extension member located outside of
and spaced from the exhaust conduit.

Certain exemplary embodiments are methods associated
with cooling a nozzle of diesel exhaust fluid delivery system
that includes a storage tank for storing a source of diesel
exhaust fluid and a doser operable to receive the diesel
exhaust fluid from the storage tank and pump a measured
quantity of the diesel exhaust fluid through the nozzle into an
exhaust system of an internal combustion engine. Certain
exemplary methods include determining a temperature of the
nozzle in the diesel exhaust fluid delivery system; when the
temperature of an exhaust fluid exceeds a predetermined
threshold temperature, initiating a nozzle cooling cycle of
operation of the doser in which the diesel exhaust fluid from
the storage tank is injected through the nozzle in one or more
pulses to cool the nozzle with the diesel exhaust fluid; termi-
nating the nozzle cooling cycle of operation of the doser when
the temperature of the nozzle is less than the predetermined
threshold temperature; delaying pumping of diesel exhaust
fluid from the storage tank with the doser for a predetermined
time period after terminating the nozzle cooling cycle of
operation; and after the predetermined time period elapses,
initiating an emissions reduction cycle of operation of the
doser in which diesel exhaust fluid from the storage tank is
pumped by the doser through the nozzle in an amount deter-
mined to reduce emissions from the exhaust gas.

In some embodiments, the nozzle cooling cycle of opera-
tion of the doser includes injecting diesel exhaust fluid in two
or more sequential pulses each separated by a delay period. In
other embodiments, determining the temperature of the
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nozzle includes determining a temperature of exhaust gas in
the exhaust system. In still other embodiments, the one or
more pulses of diesel exhaust fluid during the nozzle cooling
cycle of operation of the doser correspond to a diesel exhaust
fluid amount that is substantially vaporized during the nozzle
cooling cycle of operation. In yet other embodiments, the
amount of diesel exhaust fluid to reduce emissions is supplied
by a continuous injection of diesel exhaust fluid during the
emissions reduction cycle of operation of the doser. In certain
embodiments, the diesel exhaust fluid is a urea solution and
the exhaust system includes a selective catalytic reduction
catalyst downstream of the nozzle.

In other embodiments, the method includes insulating the
nozzle and a length of a conduit extending from the nozzle
toward the doser with an air gap formed by an insulation
jacket around the nozzle and the length of conduit. In certain
refinements, the jacket includes an elongated side wall defin-
ing a hollow interior extending between a first end and an
opposite second end of the jacket. The conduit passes through
an end wall at the first end of the jacket and the nozzle is
located in the side wall of the jacket.

Certain exemplary methods include cooling a nozzle that is
directly connected to an exhaust system that receives exhaust
gas from an engine by completing a nozzle cooling cycle of
operation of a diesel exhaust fluid delivery system that pro-
vides diesel exhaust fluid to the nozzle for injection into the
exhaust system. Completing the nozzle cooling cycle
includes injecting one or more pulses of diesel exhaust fluid
through the nozzle in a first amount that substantially phase
transforms the diesel exhaust fluid to cool the nozzle to less
than a threshold temperature prior to initiating an emissions
reduction cycle of operation in which diesel exhaust fluid is
injected through the nozzle in a second amount that is greater
than the first amount to reduce emissions in the exhaust gas.

In some embodiments, the method includes terminating
the nozzle cooling cycle of operation of the doser when the
temperature of the nozzle is less than the predetermined
threshold. In one refinement, the method further includes
delaying the emissions reduction cycle of operation for a
predetermined time period while injecting air through the
nozzle.

In another embodiment, the nozzle cooling cycle includes
generating two or more pulses of diesel exhaust fluid each
separated by a delay period. In yet another embodiment, the
emissions reduction dosing amount is supplied by a continu-
ous injection of diesel exhaust fluid during the emissions
reduction cycle of operation of the doser. In still other
embodiments of the method, the diesel exhaust fluid delivery
system includes a storage tank for storing diesel exhaust fluid
and the doser is operable to receive diesel exhaust fluid from
the storage tank and pump the diesel exhaust fluid through the
nozzle. In certain embodiments, the diesel exhaust fluid is a
urea solution and the exhaust system includes a selective
catalytic reduction catalyst downstream of the nozzle.

While the invention has been illustrated and described in
detail in the drawings and foregoing description, the same is
to be considered as illustrative and not restrictive in character,
it being understood that only certain exemplary embodiments
have been shown and described and that all changes and
modifications that come within the spirit of the inventions are
desired to be protected. It should be understood that while the
use of words such as preferable, preferably, preferred or more
preferred utilized in the description above indicate that the
feature so described may be more desirable, it nonetheless
may not be necessary and embodiments lacking the same may
be contemplated as within the scope of the invention, the
scope being defined by the claims that follow. In reading the
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claims, it is intended that when words such as an,” “at
least one,” or “at least one portion” are used there is no
intention to limit the claim to only one item unless specifically
stated to the contrary in the claim. When the language “at least
a portion” and/or “a portion” is used the item can include a
portion and/or the entire item unless specifically stated to the
contrary.

G 9 ke
a

What is claimed is:
1. A method, comprising:
determining a temperature of a nozzle in a diesel exhaust
fluid delivery system, the diesel exhaust fluid delivery
system including a storage tank for storing a source of
diesel exhaust fluid and a doser operable to pump a
measured quantity of the diesel exhaust fluid from the
storage tank through the nozzle into an exhaust system
of an internal combustion engine;
when the temperature of exhaust gas in the exhaust system
exceeds a predetermined temperature threshold, initiat-
ing a nozzle cooling cycle of operation of the doser in
which the diesel exhaust fluid from the storage tank is
injected through the nozzle in one or more pulses to cool
the nozzle with the diesel exhaust fluid;
terminating the nozzle cooling cycle of operation of the
doser when the temperature of the nozzle is less than the
predetermined temperature threshold;
delaying pumping of diesel exhaust fluid from the storage
tank with the doser for a predetermined time period after
terminating the nozzle cooling cycle of operation; and
after the predetermined time period elapses, initiating an
emissions reduction cycle of operation of the doser in
which diesel exhaust fluid from the storage tank is
pumped by the doser through the nozzle in an amount
determined to reduce emissions from the exhaust gas.
2. The method of claim 1, wherein the nozzle cooling cycle
of operation of the doser includes injecting diesel exhaust
fluid in two or more sequential pulses each separated by a
delay period.
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3. The method of claim 1, wherein determining the tem-
perature of the nozzle includes determining a temperature of
exhaust gas in the exhaust system.

4. The method of claim 1, wherein the one or more pulses
of'the diesel exhaust fluid during the nozzle cooling cycle of
operation of the doser correspond to a second amount that is
determined to substantially vaporized during the nozzle cool-
ing cycle of operation.

5. The method of claim 1, wherein the amount of diesel
exhaust fluid determined to reduce emissions is supplied by a
continuous injection of diesel exhaust fluid during the emis-
sions reduction cycle of operation of the doser.

6. The method of claim 1, wherein the diesel exhaust fluid
is a urea solution and the exhaust system includes a selective
catalytic reduction catalyst downstream of the nozzle.

7. The method of claim 1, further comprising insulating the
nozzle and alength of a diesel exhaust fluid conduit extending
from the nozzle toward the doser with an air gap, the air gap
being formed by an insulation jacket that extends around the
length of conduit.

8. The method of claim 7, wherein the jacket includes an
elongated side wall defining a hollow interior extending
between a first end and an opposite second end of the jacket,
and the conduit passes through an end cap at the first end of
the jacket and the nozzle is located in the side wall of the
jacket.

9. The method of claim 7, wherein:

the jacket includes an elongated side wall defining a hollow

interior extending between a first end of the jacket and an
opposite second end of the jacket;

an end cap is mounted to the first end of the jacket, the end

cap including a flange connected to the jacket, an elon-
gated extension member extending from the flange, and
a boss extending from the extension member;

the boss provides the only connection of the diesel exhaust

fluid conduit to the jacket; and

the nozzle is connected to the side wall of the jacket.
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